Characterization of ethanol's enhancement of tumorigenesis by N-nitrosodimethylamine in mice.
The concentration-, time- and route-dependent effects of ethanol co-administration on tumorigenesis by N-nitrosodimethylamine (NDMA) were characterized in strain A male mice. With drinking-water administration, 1% ethanol was as effective as 5 or 10% in effecting a 4-fold enhancement of lung tumorigenesis by 5 p.p.m. NDMA. In a study of cumulative effects over time, 10% ethanol given with 1 p.p.m. NDMA resulted in a progressive increase in lung tumors from 16 to 72 weeks. In addition, at 72 weeks, the ethanol co-treatment resulted in a significant increase in kidney adenomas and possibly in vascular tumors of liver. A single i.g. dose of 5 mg/kg NDMA was significantly tumorigenic for lung, and the effect was dose-dependently increased by inclusion of ethanol, for up to a 9-fold enhancement with 20% ethanol. When 10% ethanol was given in the drinking water while NDMA was administered as 20 1 mg/kg doses by other routes--i.g., i.p., s.c. or i.v.--the ethanol treatment was without effect on lung tumor numbers. Collectively, the results provide strong support for inhibition of hepatic first-pass clearance of NDMA by cytochrome P450 2E1 as the mechanism of ethanol's effect, and suggest that several other possible mechanisms are unlikely. They also illustrate that a moderate dose of ethanol cumulatively increases tumor risk from a low dose of NDMA given over most of the lifetime of the animal.